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Nghién ciru ki€u dang hinh hoc ctia phuong tién lan
A study on geometry form of underwater vehicles
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Tém tat

Bai bao nay trinh bay nghién cu anh hwéng kiéu dang hinh hoc cla than vé phwong tién 18n dén sirc can va
hiéu qua st dung ctia chung. Phuong tién lan ngay cang duoc st dung rdng réi cho cac tac nghiép ngam. Tuy
theo muc dich s dung ctia cac loai phwong tién 1&n ma thiét ké ky thuat twong (rng clia chuing sé khac nhau. Déi
véi tau 1&n du lich ¢c6 thoi gian lan dwdi nwdc ngan, tdm hoat dong nhé va téc d6 chay bé hon nhiéu so véi tau
ngam quan su thi hinh dang ctia né thwdng gan vai hinh dang tau thdy hon trong khi tau ngdm can hinh dang
thoat nwéc va thon hon cho viéc di chuyén téc do cao hon. Cac phuwong tién Ian khdng nguwoi lai dang ro bét thi
thwong cé dang hinh khéi véi két cAu kiéu khung xwong. Dbi véi ngw 16i thi tbe dé di chuyén rat cao cho nén lai
dwoc wu tién vé hinh dang thiy ddng dé giam lwc can va nang cao dd 6n dinh huéng. Dé nghién ctru kidu dang
hinh hoc ctia phwong tién 18n, nhém nghién ctru st dung phwong phap mé phéng sb. M6 phdéng sé da duoc tién
hanh v&i cac phwong tién 1&n co thé tich chiém nwéc x&p xi 0,24 m®. Phwong tién 1an md phdng (trr hinh cau) c6
chiéu dai co ban 14 2 m, c6 cAu tric gdm tru tron & gitra hai dau cé thé 1a hinh phdng, hinh ban cu, hinh chép
nén, hinh elip va hinh hop chi¥ nhat cho ca than phwong tién. Két qué md phdng sbé vé luc can cho thay phwong
tién 1an co hinh dang dang elip sé& c6 loi nhéat vé mét lwc can.

Twr khéa: Kiéu dang hinh hoc; phuong tién Ian; stre can; hiéu qué st dung; mé phéng sé.
Abstract

This paper presents a study on the influence of the geometry form of underwater vehicles on their resistance
and efficiency. Underwater vehicles are increasingly and being used for many underwater tasks. Depending on
the intended use of different types of underwater vehicles, their respective technical designs will be different too.
For a tourist submersible with a short dive time, a small range and a much smaller running speed than a military
submarine, its geometry form is often closer to that of a ship while submarines need a more drained and tapered
geometry form. Underwater robotics are usually used cube geometry forms with frame structures. For torpedoes,
the speed of movement is very high, so the first priority should be aerodynamic geometry form to reduce drag
and increse the stability. To study the geometrical forms of underwater vehicles, the authors use Computational
Fluid Dynamics (CFD) method. CFD has been carried out with underwater vehicles have the same displacement
volume of approximately 0.24 m3. The simulated vehicles (except the spherical) have basic lengths of 2 meters,
with a hull consisting of a circular cylinder in the middle and the two ends which can be flat, hemispherical, conical
and rectangular for all body. The results of CFD show that the underwater vehicle with an elliptical geometry form
will have the most benefit in terms of resistance.

Keywords: Geometry form; underwater vehicle; resistance; efficiency; CFD.

1. DAT VAN DE

Phuwong tién lan khong nguwdi lai dwéi nwdc duoc
st dung trong cac nganh coéng nghiép dudi nwédc
khac nhau, trong d6 thiét bj I&n khéng ngwdi 1ai ROV
(Remotely Operated Underwater Vehicles) dwoc s
dung kha phé bién. ROV dwoc diéu khién b&i nguoi

Nguoi phan bién: 1. GS. TSKH. Vi Duy Quang
2. PGS. TS. Ngbé Van Hé

diéu khién & trén tau me hodc trén tram diéu khién trén
mat dat théng qua day cap. Phwong tién 18n khong
nguwoi lai nay ngay cang dwgc trng dung réng rai trong
cac tac nghiép ngadm nhw khao sat, giam sat, 1ay mau
trong nhitng céng viéc nghién ctu méi tredng ngam
dwdi nwéc.

Nhirng chiéc ROV dau tién dwoc phat trién vao nhirng
nam 1960 cho muc dich quan sw. Hai quan Hoa Ky da
phat trién nhirng ROV cho cac nhiém vu clru hg dwdi
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bién sau va dé tim kiém céc thiét bi that lac du¢i day
bién. Nhirng phwong tién nay vao thei diém dé dwoc
goi la Cable-controlled Underwater Recovery Vehicle
(CURV) va la co s& cho sw phat trién ROV sau nay.

Trong nhitng ndm gan day, da cé nhiéu tac gia trong
nwéc nghién ciru vé phwong tién 18n khong nguoi lai.
Tac gid Ngo Van Hién va nhém nghién clru cong sw
da c6 nhirng ban luan vé diéu khién hwéng ddi twong
cho phwong tién 1an khéng ngwoi lai [1]. Tac gia Phan
Anh Tuén c6 nghién ctru vé thiy déng luc phwong tién
tw hanh dwéi nwdc [2]. Tac gid Nguyén Duy Anh cling
cong sy da tién hanh nghién ctru vé diéu khién thiét
bi 1an khéng nguwoi lai [3]. Tac gid Hoang Khéc Anh
nghién ciru vé phwong phap diéu khién cho ROV, AUV
hoat déng dwéi sau dwa vao tam noi. Nghién ctru ap
dung cho robot dang ca 3 khuc [4].

Hinh dang clia phwong tién lan sé anh hwdéng téi lwc
can, tlr d6 anh hwéng téi van toc di chuyén cdia ching
néu so sanh khi l1&p cing mét ddng co nhw nhau.
Trong nghién cru nay nhom nghién clru da dung
phwong phap mé phdng sé dé tién hanh nghién ctru
anh hwéng hinh dang hinh hoc t&i lwc can clia phwong
tién 1an di chuyén ngdm dwéi mét nuwéce, tir d6 dua ra
cac khuyén nghi cho thiét ké kiéu dang hinh hoc cua
phwong tién lan.

2. THUY PONG LUC PHU'ONG TIEN LAN
2.1. Hé truc toa do cho phuwong tién lan

Twong tw nhw tau thay, phwong tién 13n di chuyén duéi
mat nwédc cd 6 bac tw do, trong d6 3 bac tw do chuyén
ddng thang 14 tién - Iui, 18n - ndi va dat trai - phai va 3
chuyén dbéng quay quanh 3 truc toa do. Hé truc toa dé
cho phwong tién I1an di chuyén dwéi mat nuwdc dwoc
trinh bay nhw trong Hinh 1. Bé 1a hé toa do g?‘Jm 2 truc
toa d6, mét truc toa do gén voi vat thé la (O,) va mot
truc toa do gan trén trai dat 1a (O,).

Hinh 1. Hé truc toa dé cta phuong tién Idn
2.2. M6 hinh héa tinh ctia phwong tién lan

Phwong tién lan di chuyén dwéi nuéc dwoc md hinh
hoa voi 6 bac ty do trong 2 hé toa dé O, va O, nhuw sau:

ZZ[XB Vs Zp @5 O ‘//B]T (1)
Va

n=lxyz ¢ 0yl @)

Béng viéc str dung hai hé truc toa dé nhw trén, ching
ta c6 thé xac dinh hwéng chuyén dong cla phuong
tién so v&i Trai dat, van tdc va gia téc clia phwong tién
so v&i Trai dat va truc toa do gan trén phuong tién va
né rat hivu ich cho viéc s dung dan dwéong di chuyén
clia phwong tién.

Ma tran quay dé xac dinh twong quan clia hé truc toa
dd O, va O_ 1a mot ma trén chuyén ddi nhw sau:

BE
R™($,0,y)=R,(w)R,(O)R(¢) (3)

Vector van toéc v va 77 cho hé truc toa d6 O, va O
dwoc xac dinh theo céng thirc sau:

R™(¢.0.9)=R,(y)R,(0)R (¢)

E

Hay
v=[u vV W p ¢ r]T (4)
Va
n=li 5z ¢ 6yl (5)

Vector lwc - moment T'la
T
T:[ru T, T, Ty T, TW] (6)

Vector van téc bao gdm van téc tinh tién va van téc goc
quay chuyen doi gira hé toa d6 O, va O_ la:

n=J(n)yv (7)
Voi
n= [UE wE]T;V: [UB a)B]T
(L) o T
200 = |: 0 I, (o )}
Trong do:

Vg la vector van toc tinh tién cta hé toa do O,;
@y 1a vector van téc goc quay O;
L, la vector van tc“}c tinh tién ctia hé toa do O;
@ la vector van toc goc quay O_;

J(17) 1a ma tran chuyén ddi gitra cac truc toa do.

Van toc va gia toc theo hé truc toa d trai dat co thé
tinh qua hé truc toa do gan trén vat the:

v =J,(vp)vg (8)
V&i

;1
ll(vE) = B (VE)
Trong do:

CXy —-CaSy+SgS6Cy  SfSy + CgSaCy
J(vp) = &y C B

y  CCy +Sg8y  —SPCy + CeSSy
-50 S4Co cgco
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V&i:

C ki hiéu gia tri cua cos;

S ki hiéu gia tri cta sin.

Van t§c géc va gia téc goc theo hé truc toa do trai dat
c6 thé tinh qua hé truc toa dé gan trén vat thé:

Wy =J, (W, )W, ©)
O day:
1 S¢Té CoTo
‘lZ(a)E)z 0 C¢ _S¢
(10)

0 S¢/CO C¢/CEO
T ki hiéu gia tri cha tang.
2.3. M6 hinh héa dong ctia phuong tién lan
Phwong tién 1&n di chuyén dwdi mét nwéc dwoc mod
hinh hda dwa trén phuang trinh Newton-Euler cho vat
thé chuyén déng trong chét 16ng [2].
My+C)v+Dv)v+gh)=t
Vi

(11)

M=M,,+M, |4 ma tran khdi lwong co tinh dén khéi
lwvong do.

Q(}’)ZQRB(V)'*'QA(V) Ia ma tran Coriolis c6 tinh dén
khoi lvong ao.
D(v)=D,(v)+D,(v) lama tran lyc can.

2(n) 1a ma tran trong luc va lyc nbi.

Phuong trinh 11 chua ké dén cac yéu t6 anh hudng
cta moi trwdng xung quanh nhu yéu tdé dong chay.

3. MO PHONG SO PHUONG TIEN LAN
3.1. Cac gia dinh cho phuong tién lan

Trong nghién cu nay tac gia da s&r dung phwong
phap mé phdng sé dé tién hanh nghién ctu anh
hwdng hinh dang hinh hoc té&i lwc can cla cac
phuwong tién 13n di chuyén ngdm dwéi mét nwdc. Mo
phéng sé dwoc tién hanh cho cac kiéu hinh dang
co ban cla phwong tién 1&n véi gid dinh téc do di
chuyén dwdi méat nwéc véi cac van tbe khac nhau.
Cac md hinh phuwong tién Ian dwgc moé phdng co
thé tich chiém nwéc xap xi 0,24 m®. Phwong tién 1an
dwoc md phdng (trir hinh cau) cé chiéu dai co ban
l& 2 m, c6 cAu tric gdm doan than 6ng hinh try tron
& gitra va hai dau la hinh phéng, hinh ban cau, hinh
choép non, hinh elip tron xoay va hinh hép chir nhat
cho ca chiéu dai than vé.

3.2. Thiét 1ap md hinh giai va chia luéi

Phwong tién 1an di chuyén trong mai truéng duoc coi
nhw 1a mét mién khong gian. Dé thwe hién qué trinh mé

phong s6, mién khong gian tinh toan duoc xay dung
phai dd réng dé tranh nhirng tac dong, nhiéu xa tir cac

LIEN NGANH CO KHI - PONG LUC

I&p bién cGa mién tinh toan dén dong chay tac dung
I&én toan bd than vé phwong tién Ian. Kich thwéc clia
mién khoéng gian tinh toan trong bai toan md phdng sé
phwong tién 18n dwoc thé hién trong Hinh 2 [5].

0.000 10.000 20.000 (m)

Hinh 2. Mién khéng gian tinh todn

DPé c6 thé quan sat dwoc cac hién twong gan bé mat
cla phwong tién |an, trong nghién clru nay nhém tac
gi& da thwc hién chia lwdi & tat cd cac mo hinh phuong
tién 1an déu kha min & phan bé mat véi kich thuéc
phan t&r 0,008 m.

Ngoai ra, dé tao dwoc do phan gidi tot & 16p bién & bé
mat cac mé hinh phuwong tién 1an va dat dwoc chi sé
Y+ tdt khi gidi bai toan vé&i mé hinh réi k-W, chia 10 16p
v6i kich thwéc layer dau tién 1a 0,0001 m.

Chét lvong lwéi sau khi tao ra kha tét cho viéc tinh
toan CFD. Trong tét ca cac trwong hop tinh toan dbi
véi cac mo hinh trén, cé khoang 3.085.048 phan to
lwdi va 937.437 nbt lwdi, véi cac gia tri Orthogonal
khodng 0.797, gia tri Skewness khoang 0.1934. Chi sé
Y+ dwoc tinh gan bang 2 cho tat ca cac trwong hop.

3.3. M6 hinh r6i

M6 phéng sé dwoc tién hanh véi mé hinh réi (k-W-
SST). Day la mét trong hai md hinh rdi phd bién dwoc
str dung trong viéc dy doan sw phan tach dong chay
dudi tac dong cla trwong ap suat. N6 cung cap dw
doan sy phan tach dong chdy dwéi tac dong cua do
nhét véi d6 chinh xac cao. Bé s dung mé hinh rbi
k-W, 16p ranh gi&i dwoc chia véi it nhat 1a 10 ndt lwéi.
Diéu nay duoc xac dinh bdi gia tri Y+ trén bé mét cla
ROV phai xung quanh gia tri 1, téi thiéu la phai bé hon
4. Mot sbé phwong trinh dac trung tinh toan cho mé
hinh réi (k-W-SST).

O .
() (12)
— o+ . =]
L) N
() (13)
—[ + . —]+21- @ ——
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3.4. Diéu kién bién bai toan
Diéu kién bién cho bai toan mé phéng s6 ma nhém
nghién ctru da st dung gébm: Van téc dong nuwéc dwa
vao la 1 m/s, 5 m/s, 10 m/s va 20 m/s; nhiét d6 dwoc
lay 14 27°C twong dwong véi 300°K; ap suét tai dau ra
clia mién khong gian tinh toan dwoc dat bang ap suét
khi quyén, phwong tién 1an va mién khoéng gian tuwdng
twong 1a ding yén va duoc dat 1a tuong; khdi lvong
rieng clia nwdc la 998,2 kg/m3, @6 nhét cha nuwéc la
1,003 x 10 kg/(ms).
Cac I6p bién cua bai toan md phéng duwgc dat nhw
trong Hinh 3. Trong hinh nay, inlet 1a ky hiéu cho dau
vao, outlet 1a dau ra cGia dong chay, atm chi vung ap
suét khi quyén phia trén mét thoang, wall 1a cac mét
dwoc dat lam twdng.
ol
I oo

B st
. wall

Hinh 3. Diéu kién bién cho mé phong sé
4. KET QUA VA THAO LUAN
Sau khi da tién hanh mé phdng sbé thdy dong luc dé
danh gia luc can cla céac kiéu hinh dang hinh hoc cla
than vé phuong tién 1an, két qua mé phdng sé duoc
thé hién nhw trong cac hinh vé va db thi dwdi day.
4.1. M6 hinh phuong tién 13n khdi cau (TH1)
Céac hinh vé& duai day thé hién két qua mé phong clia
phuong tién lan (PTL) di chuyén dudi mat nwéc co
hinh dang la khoi cau. Ké‘t qua thu dugc ti rrjé phéng
trinh bay duwdi day bao gom: Trwdng phan bo ap suat
xung quanh vat thé, hinh anh dong chay bao quanh vat
thé va dé thj lwc can.

— =
Hinh 5. Dong chdy bao quanh PTL (TH1)

R[N]
20000 1

18000 A
16000 A
14000 A
12000 A
10000 A
8000 -
6000 -
4000 4

2000 1
v [mis]

0

0 1I0 ZIU 3I0

Hinh 6. Dé thj ly'c can PTL (TH1)
4.2. Md hinh phuong tién Ian khai elip tron xoay (TH2)
Cac hinh vé duwdi day thé hién két qua mé phdng cla
phwong tién 1&n (PTL) di chuyén duwéi mat nwéc co
hinh dang 1a khéi elip tron xoay.

ANSTE

S0 1 iz

T500+000.

Hinh 8. Dong chdy bao quanh PTL (TH2)

R [N]
6000 |

5000
4000
3000
2000

1000 4

v [mis]

0 T T J
0 10 20 30

Hinh 9. D6 thi luc can PTL (TH2)
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4.3. Mb hinh phuong tién lan khéi hinh hép chir nhat R [N]

(TH3) 9000 -
Cac hinh vé dwdi day thé hién két qua mé phdng cua 8000 1
phwong tién I&n (PTL) di chuyén dwéi mat nwéc co 7000 -

hinh dang 1a khéi hinh hép chiv nhat.

T

Hinh 10. Ph

R[N]
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0
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AN
C

o
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o e h ke
an bé dp sudt quanh PTL (TH3) et v [mis]
— 0 - v :
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Hinh 15. D& thi luc cdn PTL (TH4)

4.5. M6 hinh phuong tién 13n 1a khéi hinh tru & giira,
dau hinh nén, duéi ban cau (TH5)

Cac hinh vé dwdi day thé hién két qua mé phdng cua
phwong tién 1&n di chuyén dwéi mat nuwéc cd hinh
dang la khéi hinh tru & gitra, dau 1a hinh nén, dudi la
ban cau.

om0 oo Le
— s

v [m/s]

0

Hinh 12. D& thi luc cdn PTL (TH3)

10 20

30

4.4. M6 hinh phuong tién 13n |1a khéi hinh tru & giira,

dau 12 ban cau, dudi la ban cau (TH4) —— E
Cac hinh vé dwéi day thé hién két qua mo phong cua Hinh 17. Dong chdy bao quanh PTL (TH5)
phuwong tié’n I&n di chuyén dug’yi mat nu’(y‘c c6 hinh R [N]
dang !é khdi hinh tru & gitra, dau la ban cau, dudi la 8000 -
ban cau.
7000 -
6000
5000 -
4000 -
Hinh 13. Phdn bé dp sudt quanh PTL (TH4) S

b=l —

— —
o o

Hinh 14. Dong chdy bao quanh PTL (TH4)

— oy

2000

v [m/s]
0 T T J
— 0 10 20 30

Hinh 18. D6 thj luc cdn PTL (TH5)
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4.6. Mbd hinh phuong tién lan 13 khéi hinh cén & giira,
dau hinh nén, dudi ban cau (THé6)

Cac hinh vé duwdi day thé hién két qua mé phdng cla
phwong tién I1&n di chuyén dwéi mat nwéc cé hinh
dang la khéi hinh cén & gitra, ddu hinh nén, dudi hinh
ban cau.

s

Hinh 20. Dong chdy bao quanh PTL (THé)

R [N]
7000 -

e

6000 1

5000 -

4000 A

3000 -

2000 A

1000
v [m/s]

0

0 1l0 2l0 3.0
Hinh 21. D6 thi lwc can PTL (TH6)

4.7. M6 hinh phuong tién 13n 13 khéi hinh tru & giira,
dau hinh nén, dudi elip trén xoay (TH7)

Céc hinh vé dwéi day thé hién két qua mé phéng cua
phwong tién lan di chuyén dwdi mat nwéc cod hinh
dang la khéi hinh tru & gira, dau hinh nén, duéi hinh
elip tron xoay.

Hinh 22. Phdn bé dp sudt quanh PTL (TH7)

R [N]

6000 -
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2000 A

1000 /
0 T

0 10 20 30

v [m/s]

Hinh 24. D6 thj luc can PTL (TH7)

4.8. Mb hinh phuong tién lan 13 khéi hinh cén & giira,
dau elip tron xoay, dudi elip tron xoay (TH8)

Céc hinh vé dwéi day thé hién két qua mé phéng cla
phu’c'ng tién 1&n di chuyén giwé’i mat nwdc cé hinh dang
la khoi hinh con & gitra, dau hinh elip, dudi hinh elip.

Hinh 25. Phdn b6 dp sudt quanh PTL (TH8)

R —

Hinh 26. Dong chdy bao quanh PTL (TH8)
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Hinh 27. D6 thj luc cdn PTL (TH8)

v [mis]
0

Két qua mo phéng lwc can cac mé hinh phuong tién 1&n
v6i cac kiéu hinh dang hinh hoc khac nhau di chuyén
dudi mat nwéc duoc tbng hop trong dd thi Hinh 28.
Két qua md phéng nay cho thdy méi kiéu hinh dang
phwong tién 18n di chuyén duéi nuwéc cd wu, nhwoc
diém khac nhau. Khéi hinh hdp chi¥ nhat va khéi hinh
cau ¢ lwc can I6n nhung lai cé khdng gian phia trong
véi hiéu qua bb tri trang thiét bi rat cao. Ngworc lai cac
trwdng hop khac céd lwc can bé hon nhwng hiéu qua
b tri trang thiét bi cho khong gian bén trong sé khong
cao béng hai trwéng hop kia. Nhw vay, tuy theo nhiém
vu thire thi cia phwong tién 1an ma chung ta lwa chon
hinh dang cho thich hop. DBbi v&i phuong tién 1an di
chuyén téc d6 cao ta nén lwa chon wu tién dau va duoi
dang hinh nén ho&c elip tron xoay. Dbi véi phuong tién
l&n di chuyén tbc dd th4p thi ta wu tién chon hinh dang
cho dé két hop b tri trang thiét bi di kém bén trong.

R [N]
35000 -

30000 A

25000 - —THA1

-=-TH2
20000 —~TH3
/ —TH4

——THS
—~TH6
TH7
THS

15000 4

10000 -

5000 -
v [m/s]

0 +— T T J
0 10 20 30

Hinh 28. D6 thi luc cdn cdc kiéu hinh ddng PTL

5. KET LUAN

Trong nghién cu nay, nhém nghién clru da tién
hanh khao sat danh gia anh hwédng cda hinh dang
hinh hoc than vé phwong tién I&n t&i lwc can va b tri
trang thiét bi clia ching. Hinh dang cac kiéu than vé
phwong tién 18n da khao sat co thé tich chiém nuéc
xap xi 0,24 m3. Phuwong tién lan dwoc md phdng (tre

LIEN NGANH CO KHI - PONG LUC

hinh cdu) c6 chiéu dai co ban 1a 2 m, c6 cu tric gém
doan than éng hinh tru tron & gitra va hai dau la hinh
phéng, hinh ban ciu, hinh chép nén, hinh elip tron
xoay va hinh hop chr nhat.

Két qua md phdng cho thay trong trwéng hop phwong
tién 1an di chuyén véi tc dd cao ta nén chon mét trong
3 mé hinh theo mau TH2 (mé hinh phuong tién 13n khbi
elip tron xoay), mau TH7 (mé hinh phwong tién 1an la
khéi hinh tru & gitra, dau hinh nén, dudi hinh elip tron
xoay) hodc TH8 (md hinh phwong tién 18n 1& khéi hinh
con & gitra, dau elip tron xoay, dudi elip tron xoay).

Néu can xem xét thém yéu t6 khong gian dé dé b6 tri
trang thiét bj bén trong thi ta nén két hop cac mé hinh
nay véi nhau. S& 1a mot lwa chon tét néu ta chon hinh
dang than vé phwong tién 18n c6 doan than éng gita la
hinh try, hai dau Ia elip hodc parabol tron xoay.

LOI CAM ON

Nghién cru nay dwoc thyc hién dwéi sy tai trg kinh
phi tir B6 Khoa hoc va Céng nghé cho dé tai ma sé
NDT.68.RU/19.
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